cially. The antiseminalplasmin preparations are always free of seminalplasmin, but contain traces of a pyrimidine-specific RNAase, equivalent to approx. 1 part in 10000 of RNAase A; we have not been able to remove this low-level nuclease activity, which hydrolyses poly(U) but not poly(A). Antiseminalplasmin is also usually contaminated with very small amounts of the proteinase, amounts so low that the antiseminalplasmin preparations containing the proteinase activity appear to be homogeneous by the usual criteria such as polyacrylamide-gel electrophoresis. Several preparations of antiseminalplasmin have been obtained that are completely free of the proteinase activity, showing that the proteinase and antiseminalplasmin are two separate proteins. (The possibility that the antiseminalplasmin and the proteinase activities are carried on two different domains of the same molecule and that one activity can be lost by restricted denaturation that does not affect the other domain cannot be yet ruled out.)
The properties described below are those of pure seminalplasmin, pure RNAase SPL, antiseminalplasmin that has no proteinase activity, and the crude proteinase preparations, that is the antiseminalplasmin preparations with the proteinase activity.
Seminalplasmin
This protein Scheit et al., 1979) , obtained in an average yield of 18mg/100ml of semen, is homogeneous on non-SDS-and SDS/polyacrylamide-gel electrophoresis, in a sedimentation run in an analytical ultracentrifuge, and in isoelectric-focusing runs on a column (PI 9.8).
Estimates of its molecular weight vary between 8000 and 20000, depending on the method used (ultracentrifugation, amino acid analysis, or polyacrylamide-gel electrophoresis by various methods), suggesting that it may have an odd shape. It appears to contain no methionine.
Seminalplasmin is active on E. coli, Streptococcus faecalis, Cryptococcus neoformans, Salmonella typhimurium, Candida albicans, Bacillus subtilis and staphylococci, but inactive on Saccharomyces cerevisiae, Proteus and Pseudomonas spp. Its activity on the susceptible organisms, on a mole-to-mole basis is, if anything, slightly higher than that of the conventional antibiotics.
Seminalplasmin is bacteriocidal and not bacteriostatic. It is relatively heat-stable. For an over-99% kill, 10-2Opg of seminalplasmin/ml is needed for lo7 cells of E. coli/ml; for 2 x lo7 cells/ml about 100,ug of seminalplasmin/ml is required. For a 100% kill (except of the occasional seminalplasminresistant mutants that arise), 40pg of seminalplasmin/ml is required for lo7 cells of E. coli W160-37. Seminalplasmin inhibits by 52% the synthesis of RNA in bovine spermatozoa over a period of 2.5h; it has no effect on respiration of the spermatozoa.
The effects of seminalplasmin on RNA, protein and DNA syntheses in the whole cells of E. coli, Candida albicans and Saccharomyces cerevisiae, and in the protoplasts of Candida albicans and the nuclei of Saccharomyces cerevisiae, have been studied, as has its activity on purified RNA polymerases from E. coli and Saccharomyces . We have also looked at the effect of seminalplasmin on RNA synthesis in primary parenchymal-cell suspensions from rat liver and in the Zajdela ascitic-hepatoma cells; in the latter cells. a preliminary study of the effect of seminalplasmin on growth of the tumour has also been made. The main results of these studies are summarized in Table 1 . The primary site of activity of seminalplasmin appears to be the process of transcription.
The results summarized in Table 1 , and the observation that if Pronase is added to a culture of E. coli 30min after its , strongly suggest that seminalplasmin enters E. coli and Candida albicans, but does not enter Saccharomyces cerevisiae. Further, the inhibition by seminalplasmin of RNA synthesis in the nuclei of Saccharomyces cerevisiae and by purified RNA polymerases A and B of this organism suggests that the lack of inhibition of the growth of Saccharomyces cerevisiae and of RNA synthesis in this organism is due to a permeability barrier. It is, however, not clear as to how this protein enters E. coli or Candida albicans. By analogy with the results of Table 1 , it would seem possible that seminalplasmin acts on the other susceptible organisms, too, by entering the cell and inhibiting RNA synthesis. In such an event, the entry of seminalplasmin into the various cells would be unlikely to be receptor mediated, as it is improbable that the many different species that are sensitive to seminalplasmin (perhaps by the same mechanism) would contain identical receptors for seminalplasmin, a protein that they do not make.
In whole E. coli cells, the induction of P-galactosidase is not inhibited by seminalplasmin. However, in coupled transcriptioncum-translation systems in which the P-galactosidase gene attached to a bacteriophage (A or 480) is transcribed and translated to give an active protein, which can be detected by its enzyme activity, seminalplasmin inhibits protein synthesis (including that of P-galactosidase) totally, but inhibits RNA synthesis only partially (K. H. Scheit & P. M. Bhargava, unpublished work; A. Torriani, E. S. P. Reddy, K. Jamil, G. Bansal & P. M. Bhargava, unpublished work). These observations suggest that in this system in uitro not all RNA made is used as a messenger.
There is also an apparent discrepancy between the effects of seminalplasmin in whole E. coli cells and in cell-free preparations. In the whole cells, seminalplasmin inhibits only the synthesis of rRNA . In a cell-free system, seminalplasmin completely inhibits the transcription of calf thymus DNA, bacteriophage-T, DNA, poly(dA).poly(dT), poly(dA) and poly(dT), by purified E. coli RNA polymerase, though the transcription of poly(dA-dT), poly(dG-dC) and poly(d1-dC) is inhibited by only 50%. For maximal inhibition of transcription in the whole cells, concentrations of seminalplasmin of the order of 20pg/ml are enough; further increase (up to 200pg/mI) in the concentration makes little difference to the inhibition. The minimum concentration of seminalplasmin required for maximal inhibition of transcription in the cell-free system is at least twice as much as that required for the whole cells, though normally inhibitors are less active in whole cells than in cell-free preparations. One possible explanation of this phenomena would be as follows. Seminalplasmin has been shown to bind strongly to E. coli RNA polymerase (20mol being bound/mol of enzyme). It is possible that the RNA polymerase has, say, 20 different sites, each one involved in initiating transcription at a different set of promoter sites. Each of the sites in the polymerase may have a different affinity towards seminalplasmin. It is conceivable that the site involved in the transcription of rRNA cistrons has the highest affinity for seminalplasmin and that the concentration of seminalplasmin that can be built up in the whole E. coli cells is enough to saturate only this site. This hypothesis can be tested by determining carefully the concentrations required for, say, 50% inhibition of transcription, in vitro, of a variety of genes attached to plasmids or phages. Table 1 also shows that the responses of normal and malignant liver cells to seminalplasmin are different. There are three possible explanations. First, seminalplasmin does not enter the liver cells, but enters the Zajdela ascitic-hepatoma cells. Secondly, seminalplasmin may enter the liver cells, but may not act on normal-liver RNA polymerases, which may be somewhat different from malignant-liver RNA polymerases. Thirdly, in primary normal liver cell suspensions, the onset of RNA synthesis occurs much later than in the Zajdela ascitic hepatoma (K. S. N. Prasad & P. M. Bhargava, unpublished work), and the synthesis of the rest of the RNA in these cells may not be susceptible to seminalplasmin, as in the case of E. coli. Experiments are underway to distinguish between these possibilities.
Seminalplasmin has also been recently found to be a potent inhibitor of reverse transcriptases (E. S. P. Reddy, M. R. Das & P. M. Bhargava, unpublished work). At 15-20pg/ml, it inhibits by over 90% the transcription of RNA Ipoly(rA) .oligo(dT); poly(rC) -oligo(dT); haemoglobin mRNAl to DNA, as well as of DNA [poly(dC) -oligo(dG), poly(dA). oligo(dT)l to DNA, by purified avian-myeloblastosis-virus reverse transcriptase ( 1 pg/ml) and by lysates of avian-myeloblastosis, felineleukaemia and Rous-leukaemia viruses. irrespective of whether the endogenous viral RNA or an exogenous RNA [poly(rA)-oligo(dT)I or DNA Ipoly(dA).oIigo(dT)l is used as a template. Seminalplasmin binds strongly to avian-myeloblastosis-virus reverse transcriptase. At concentrations lower than 8pglml. however, seminalplasmin stimulates by up to 20% the reverse transcription by this enzyme, suggesting that the enzyme may have two types of binding sites for seminal-plasmin, one an allosteric stimulation site with high affinity for seminalplasmin and the other an allosteric inhibitor site with low affinity for the latter protein.
A ntiseminalplasmin
This protein, in its present state of purity, is homogeneous on polyacrylamide-gel electrophoresis in the presence of SDS and SDS/mercaptoethanol. It appears to consist of two or three subunits of the same molecular weight (about 14000); isoelectric focusing on gels gave a PI between 6 and 7. The amino acid composition does not show any distinguishing feature.
Antiseminalplasmin does not bind to seminalplasmin. When added in amounts equal to the weight of seminalplasmin, it reverses the inhibition by seminalplasmin of the growth of E. coli. This reversal is not obtained if the cells are preincubated with seminalplasmin for 30 min, suggesting that antiseminalplasmin may act from outside, possibly by preventing the entry of seminalplasmin into the cells.
It has been difficult to study the effect of antiseminalplasmin on transcription in vitro, on account of the contaminating RNAase and proteinase activities in it. However, preparations that did not show any proteinase activity under the conditions of the polymerase assay used had no effect on the inhibition of transcription of poly(dA) by E. coli RNA polymerase.
Protease SPL
The substrate specificity of this proteinase is shown in Table  2 . In no case was any acid-soluble material obtained, no matter how much of the proteinase-containing protein preparation was used. The proteinase activity was studied by high-resolution polyacrylamide-gel electrophoresis. For most of the proteins cleaved (Table 2) , the cleavage products were separated into distinct and reproducible bands on a gradient gel. In every case, a limit digest, containing only acid-insoluble fragments, was obtained. The polyacrylamide-gel-electrophoresis patterns of the digest showed that these fragments were not cleaved further if the enzyme concentration was increased. Most of the proteins tested that were not degraded by this proteinase in their native state were also not degraded when oxidized by performic acid ( Table 2) .
The proteinase was not inhibited by soya-bean trypsin inhibitor, and did not possess a trypsin-or chymotrypsin-like activity when assayed on the appropriate synthetic substrate. The proteinase was inhibited completely by phenylmethanesulphonyl fluoride (3 mM) and by EDTA (10mM).
It is possible that the unusual specificity pattern of protease SPL (Table 2 ) and its inability to cleave more than a very small number of peptide linkages in a susceptible protein were the PFAO) result of a relatively low proteinase concentration used. The proteinase content of antiseminalplasmin preparations used for the assay is unlikely to be more than, say, 1%, as, if it were more, it should have been possible to detect it by SDS/ polyacrylamide-gel electrophoresis; unless, of course, the subunit size was the same for antiseminalplasmin and the proteinase. On the other hand, the fact that a 10-fold increase in proteinase concentration over and above the concentration that gave the limit digest did not lead to any further cleavage argues against this possibility. (It was not feasible to use higher concentrations of the proteinase, in view of the fact that the proportion of the proteinase contained in the preparations used was very small.) Another possibility would be that the proteinase recognizes a particular sequence of amino acids. An analysis of the sequences of the substrates used, where known, indicated that, for the observed specificities of the proteinase to be explained by a sequence specificity, the sequence will have to contain at least three amino acids. So far no proteinase appears to be known that would be specific for a sequence of three or more amino acids, and would hydrolyse every protein (at least in the denatured state) at every point where this sequence is present and accessible. (Such a proteinase, if it exists could be called a 'restriction proteinase'.)
Ribonuclease SPL
This protein Bhargava et al., 1981) has been purified to homogeneity by using the same criteria for homogeneity as have been stated for seminalplasmin. Its molecular weight appears to be around 28000, as determined by analytical ultracentrifugation, amino acid compositon and SDS/polyacrylamide-gel electrophoresis. SDS/mercaptoethanol/ polyacrylamide-gel electrophoresis suggested that it consists of two chains of nearly equal molecular weight joined by disulphide bond(s). It is 9.0.
Ribonuclease SPL is a pyrimidine-specific nuclease, which does not hydrolyse poly(rA), poly(I), GpC and GpU. On the other hand, it rapidly hydrolyses poly(U), poly(C) and CpG, in the last-mentioned case generating 3'(2')-CMP and guanosine. It also hydrolyses cyclic CMP. Its activity on the above substrate is generally (if anything) slightly higher than that of RNAase A. RNAase SPL also hydrolyses double-stranded poly(A) poly(U). Its K , and V,,,,,. are respectively: for poly(U), 0 . 4 2 m~ and 300pmol of UMP released/min per mg; for cyclic CMP, 1 mM and 13.9pmol of CMP formed/min per mg; and for poly(A-U), 0.5 1 mM and 160pmol of ApU residues released/min per mg.
If, however, naturally occurring RNA molecules, prepared in the presence of Mgz+ all through the isolation procedure in such a way that one could be reasonably confident that any Mgz+ initially bound to the RNA was not leached out, is used as a substrate, no detectable acid-soluble products are generated. With Mg2+-containing undenatured total E. coli RNA, rat liver RNA, bull liver RNA and bull testis RNA, RNAase SPL gives a limit digest at a concentration of about 15pg of the enzyme/ml with about 1 mg of RNA, in less than 5 min. In this digest, all the cleavage products appeared to have a molecular weight usually higher than 20000, and always higher than 10000. In all the above cases except that of E. coli RNA, the cleavage products clustered around the tRNA region on high-resolution polyacrylamide-gel electrophoresis. In the case of E. coli RNA, they banded mostly in the region of rTNA, and partly (rather diffusely) in the region corresponding to the molecular-weight range 25 000-70000.
Mgz+-free or Mgz+-depleted undenatured total E. coli RNA, rat liver RNA, bull liver RNA and bull testis RNA, or these RNA species containing Mg2+ but denatured by heat in 5Om~-Tris/HC1 buffer (pH 7.9), containing 50 mM-NaC1, 10mM-MgC1, 0.1 mMEDTA and 1 mM-mercaptoethanol, were degraded by RNAase SPL extensively to acid-soluble products, as by RNAase A.
Mg2+-containing undenatured tRNA and 5 s RNA did not appear to be degraded by RNAase SPL; the tRNA and 5 s RNA bands appeared intact on polyacrylamide-gel electrophoresis (on 5-10% gels) of Mg2+-containing undenatured total E. colior rat liver RNA treated with 256pg of RNAase SPL/ml. bovine seminal plasma, of any RNAase-SPL-like activity. We (P. M. Bhargava, E. S. P. Reddy, N. Sitaram & K. H. Scheit, unpublished work) have observed that the methods used by D'Alessio et al. (1981) for the isolation and the assay will rule out detection of such an activity. Since the remainder of the RNA in the total RNA preparations used consisted predominantly of rRNA, the above observations show that rRNA molecules contain structural features that are dependent on and determined by Mg2+. RNAase SPL recognizes these features and, as long as they are present, the RNA is cleaved by this nuclease only at a limited number of sites; polyacrylamide-gel electrophoresis of the cleavage products showed that, in all the naturally occurring RNA species tested, these sites must be separated by at least 30 (probably more than 60) nucleotides. On synthetic oligo-or poly-ribonucleotides, or naturally occurring RNA molecules, that do not contain these features (say, as a result of depletion of Mg2+, or heat treatment), RNAase SPL acts just like RNAase A, cleaving the RNA extensively to acid-soluble fragments. Urea (7-8 M), spermine (1-2mM), NaCl or KCI ( 0 . 3 5~) and EDTA (1OmM) seemed to disturb the above-mentioned Mg2+-dependent structural features to varying extents; in the presence of the above reagents respectively, the Mg2+-containing naturally occurring undenatured total RNA molecules (400-700 pg/ml) described above were hydrolysed to acid-soluble products to the extent of 40-90%, 60-90%, 60-70% and 15-20% by RNAase SPL (16-20pglml) (E. S. P. Reddy & P. M. Bhargava, unpublished work).
RNAase SPL shows atypical kinetics; concentrations lower than that required to give the final limit digest cannot be compensated for by increasing the time of incubation, even though the enzyme continues to be active over the increased time period. Thus 2pg of RNAase SPL/ml gave the same extent of hydrolysis, as judged by polyacrylamide-gel electrophoresis, at 5 min as at 40min; this hydrolysis was much less than in the final limit digest obtained with 16pg of the enzyme/ml in 5min. In fact, 1, 2, 4 and 8pg of RNAase SPL/ml were all found to give a limit digest characteristic of the particular enzyme concentration in 5 min, the molecular-weight range of the products increasing in complexity with increase in the enzyme concentration, and reaching the final limit value at 12-16pg of the enzyme/ml (the concentration of RNA in these experiments was 0.4-2.0mg/ml). That the enzyme was free and active at 5 min at the lower enzyme concentrations (1-8pg/ml) was shown by the fact that more substrate added after 5 min was hydrolysed to the same extent as the substrate initially present. On the other hand, 4pg of the enzyme added at zero time, followed by another 4pg added at 5 (or 20) min, gave the same final profile on polyacrylamide-gel electrophoresis of the hydrolysate after another 5min as was obtained with 8pg of the enzyme added at zero time and assayed after 5 (or 40)min. One possible explanation for the above atypical behaviour of RNAase SPL would be that it has widely varying affinities for different sets of sites on Mg2+-containing undenatured naturally occurring RNA species.
RNAase SPL does not cross-react immunologically with RNAase A, and appears to contain tryptophan. It therefore seems to be different from the RNAase isolated previously by D'Alessio and co-workers from bovine seminal plasma (for references see D'Alessio et al., 1981). D'Alessio et al. (1981) have reported that they were unable to show the presence, in
Function of the four proteins in the seminaljluid
The presence of the seminalplasmin and antiseminalplasmin system, and that of RNAase SPL and protease SPL (which appear to behave somewhat like a 'restriction ribonuclease' and a 'restriction proteinase'), in bovine semen appears interesting. We have, however, no idea of what the function of the above-mentioned four proteins in bovine seminal plasma might be. Arguing that the net antibacterial activity of a sample of bovine seminal plasma would be a function of the relative and the absolute concentrations of seminalplasmin and antiseminalplasmin, and that the only known function of semen is to 'fertilize', we analysed (P. M. Bhargava, K. Jamil, N. S. Rao, B. S. N. Murty & V. Ramaswamy, unpublished work) 1068 samples of bovine seminal plasma collected over a calendar year from 125 animals belonging to eight different breeds of two different bovine species for their antibacterial activity (against E. coli) determined at five dilutions (9-150-fold). The samples of semen from which the above seminal-plasma samples were derived were also tested for fertility by artificial insemination of nearly 2200 cows and buffaloes. Computer analysis of the two sets of data revealed no correlation between the fertility and the net antibacterial activity of bovine semen.
It is attractive to assume that the natural function of seminalplasmin might be to prevent infection of the male genital tract, or of the female genital tract, which would receive this protein through sexual intercourse. A strain of Candida albicans isolated from the genital tract of a woman in Austria was indeed found to be highly susceptible to seminalplasmin. I must, however, hasten to add that we have not yet shown the presence of seminalplasmin in human semen; nor is this an argument for male chauvinism!
